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Theoretical Divininn, Los Alma National Lzboratn~
Los Alamo, New Hexico B75M

B. F. Gihmon
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In t’- ●arly studies of hyperouclei it was realimd tit Pauli Blockint would inhibit

the AwrN u,.L.y in ● heavy ●ysteml ●nd thst the dmin.ant decay mode of heavy hypernucle~

would be the nonmemonic decay corresponding to the reaction AN*NN, in vbicb &he mmentm of

the final nucleorrs is ●bout k20 HeV/c in the center-of-was fr~. While thin ●xpectation

has been born out by erperimrnt,2 actewpta to calculate the mbnolute no~nonic decay race

have not been no successful. The most detailed ●ttewpt to include the ●ffectc of nuclear

correlations on the decay rate, that of Adam, 3 gave ● value of 0.06 for the ratio of the

noomemonic decay rate to the free decay rate,
‘rn’rfrce”

We ● re ●ware of only one meaaul”e-
&

ment of thim ratio, 16ude in O, which yielded ● value of 3tl. Uhile the atatistico in Lhc

●xperi~nt were poor (there were 22 ●ventn) ●od the background probl-s were severe, we

believe that the discrepancy nhould be ●ubject to further theoretical ●nd ●xpcri~ntal in-

ve~tlgation.2

As ● first step towsrda the theoretical investigation, we have recalculated the pion
5

●xchange, or Karpluo-Rude~rr, contribution conmidared by APaM; in ●ddition, we bawe hlso

considered the contribution f[a p ●xchan~e, The latter, in the limit of ●p~, becatIn the
6contact interaction concidrred F.y Block ●nd Dalitz, We have, however, introduced correla-

tions in s way that differo from that used by Adam; we si~ly mltiply the uncorrelated

wavefuoction by ● ni~le correlation function which we take to be the •a~ in ●ll two h-dy

●pin-inompin ● tateo. In particular, in the remltn quoted hare we have not yet introd. d

tennor correlations, wbicb Adam found to nuppreon tbr nomoonic decay rate by ● fmctor of

rnbout 5.

Fit. 1. n hcban~e Cootributioo to Ao+lf.

W pioo ●xchao~c potential cam be calculated fr- tka diqrm lB Fig. 1, wbera Lb

A*HR docsy wertel 1s known. Szperl-ntslly tkoA decoy- ●mtlnfy tke Al=l/2 rulaqui*.e wI1,

●o that we build UI1O into our ~litude by writiu it S,



,.

●(A+Nni) =#Aii (I+AY5)IiA .

Here A = 1.0; ●nd A ❑ -f.87 ● re ~irical conmtantm, li T ● re the usual isonpin mtrices, N

it the nucleon Dirac ●pinor-iconpinor, ●nd A ia the direct product of the u-ual Dirac ●pinor

for the A ●nd the ●purion inoopinor (O.l)T. We introduce ● form factor ●_(k2) =

verticeo. 0 ●nd we take the

~. .
2op2 to demcribe the stron~ intersctim ●earing of the IINN

mnrelativiatic lidt to obtain the n ●xch~nie AN-W transition

potential ● o

where the radial potentials ● re given by

●nd

Va(r) = i

Vp(r) = -

Vd(r) M -

.,l(r,~)w

of nucl~mr matter,



.,

correlation function. The ●snumptim has been made that ~ in ●fficiently ●oll that tie

reaction AJMN takes place only fr- initial z states. Uting the standard ●xpression f?r

the total lifetime of the. free A particle’ and the ●bove parameter, we obtain

()rm 2

Ln
+4.5001 F1012+M51 IF2012]

leading to the resulto of Table 1. We e@anize two points: (i) tbe parity conserving ●+d

transition *ives 8~ of r by ftr the la~geot contribution; (ii) ue consistently nbtain

lar~er reaulto than Adamo. F’

T*ble I. (rm/rfree)Frm n Exchznge

—

no fom factor
no correlation-

-ino for9 fac or
@ m 2.0 f.

0.01 1.00 3.12 4.13

0,001 0.44 1.87 2.31

2X]C14 0,25 1.31 1.56

form factor

A; ■ 20 p2 0,031 0.005 1.03 1.06

a = 1.8 f-
-2

—-.—— —
..— ——— —.— — — —.——-
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A

Fig. 2a. p txchange mntrihution to AN+NN rig.2b. Factorization ●pprox<~tion
to the weak ANp

Tre#tiog the vector mnons ● - ● degenerate nonet, the tensor part cf th~ AN*NN trhhii-

tion potential aenerated by p ?xchange 10

where K
P

●nd K
A

= UP(l- : a) are the =agnetic type coupling- #t the ●trcms ●nd weak

Velticam, a = 0.6 is related to the mgnr~ic F/D ratio by t“/D E (l-a)/a, ●nd

He. the potantial han ● dipole fom because of the wak fom !actor for which we •sn~

vector dominance. The choice of Up has been the ●ubject of cae rontroveroy in the liter-

Hohler ●nd Pietsrinen 12
● ture. Cave K = 6.6 ●nd vecLor dminmce uf the ●lectro-mzgnetic

P
■ 3.7.form fmctor giveo hp z The ●pparent diocrapmcy is retolved by ❑oting that the larger

v~lua it obtained St k ■ 92
P’

●nd tbe msller 10 obtained ● t kz ~ 0, Thin indicstern the

i~ortsnce of including the fom factor ●p(i2) ■ (A~-m~)/(~2+A~~ ?.o intewol~te betwen
.

these valuen, With thin fom factol onc ●hould uce K ■ 6.6 sod A- ■ 2.27-4,
P P P

Including tbe p ●xchmge contribution to tbe trmnnition potential Ieadm to

(rm)n+p ■

(n)

’20

where

. ●p7 (I+UP)(’+:A)F::)

(29)

U@(r)

2

UninC thlo w obtain tbe renults of Table 11. III VIW of tbe difficulty nnr has in prcdict-

101 tke relative .i~n of tbe n ●nd p wve R decays ubam unin~ the factorization ●pproxima-

tirm, we ~lve the ta.ultn for both choi~-, of tba relstiw sign of the R ●nd p term.

(fmctorlsmtioo ●ppliad to both Le~~ predicts ● w~atlve ralative ●lgn, Factorization for



the p term ●long with the empirical rign for A •ugge~tc ● pooltive relative si~.)

- ~ free) including nmd pexchange (m+d trmmitione only).T#ble Il. w /r

no form factor
no correlation

= 3.7
‘P

00 iorm fact r
a = 1.8 f= -9

= 3.7
‘P

no form fact r
= 1.8 f= -5a
= 6.6

‘P

form factor-2
a = 1.8 f=

‘P
= 6.6

A; = 20 p2, A2 = 2.27 ●2
P P

● 1one ●lone n+p n-p

3.12 0.49 6.o8 1.13
.

1.86

1.86

1.03

0.26

1.13

o.h9

3.52

6.13

2.91

0.72

0.06

0.10

Ur regerd the final row of Tinkle II arn providin8 our current “beat ●simete” of :he

~ free). The n excbanw term ●d the P ●xchmue term ● re of the same order ofratio (r /r

megnitude, neither by it-elf cm give ● value of tbe ra~io significantly treater than 1;

however, when they ● re ●dded coherently, the ratio is 2.91. Whether thin ●grewnt becwen

the calculated ●nd ●rperimntal volue- of the ratio (rm/TZree ) wtwivem turtber w r’ on
.

a~ch 10 ● question for the future. Still, it is clear that investigation of the nowconic

decay of beaq hypernuciei can provide inforution on the veak ANp couplins which in

difficult, if not @ossible, to obtain by other mans,
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